For many years it has been customary to derive blood alcohol concentrations from the analysis of urine, and despite the fact that the accuracy of such derivations has often been questioned British courts have been content to accept them as evidence in prosecutions for drunken driving, presumably on the grounds that such evidence was merely confirmatory and not vital. However, with the impending change in the law which will make it an offence to drive with more than a stated amount of alcohol in the blood, the reliability of the method of determining blood alcohol concentrations assumes much greater significance, particularly as the use of urine analysis has not been excluded (Ministry of Transport, 1965).
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In the interpretation of blood levels derived from urine analysis two problems arise. The first concerns the accuracy of the analytical method used to measure the alcohol concentration in urine, and the second is related to the choice of the conversion factor for the derivation of blood level. In the case of urine analysis the accuracy of the Nickolls modification of the Cavett technique is well established, but the method is tedious, time-consuming, and critically dependent on the technical skill of the operator. Gas chromatography is free from these disadvantages (Chandela and Janaik, 1960) , and it is claimed that when used in combination with an internal standard and an integrator the alcohol content of a minute sample of either blood or urine can be measured accurately within five minutes (Curry, Walker, and Simpson, 1966) . One purpose of the investigation to be described was to determine the accuracy of the gas chromatographic method.
In the case of the conversion factor no unanimity of opinion exists about the correct choice, and it was the second purpose of the investigation to examine the validity of the conversion factor of 1.33 recommended in the Report of a Special Committee of the British Medical Association (1965) .
Material and Methods
During the Christmas period of 1966 and the succeeding weeks one of us (D. V. F.) in his capacity as police surgeon obtained two specimens of urine at known time intervals and one of venous blood and sometimes one of capillary blood from 35 motorists suspected of driving under the influence of drink. The times at which the samples were obtained were noted and the samples themselves were divided into three equal parts for distribution to the suspect, the police laboratory, and this department. Anonymity was preserved by the designation of a reference number. Initially the samples were analysed both by the Nickolls (1960) modification of the Cavett technique and by the gas chromatographic technique described in detail by Curry et al. (1966) but modified to use a Poropak Q porous polymer bead column instead of a polyethylene glycol 400 column. The Poropak column offers the advantage of a much lower column bleed and elutes the water peak first after 30 seconds followed by ethanol at 1.5 minutes and n-propanol at 3.5 minutes. With polyethylene glycol, unless the column is carefully conditioned with water before use, a tailing water peak is produced which prolongs the analysis. Latterly the samples were analysed by the gas chromatographic method alone.
For chromatographic analysis the blood or urine sample was diluted with ten times its volume of an aqueous solution containing 24 mg. of propranol per 100 ml. to act as an internal standard. One microlitre (fd.) of this diluted sample was injected into the Poropak Q chromatographic column maintained at 1700 C. The resultant peaks were detected by a flame ionization detector and the output signals fed into a digital integrator. Whenever possible the analyses were carried out in triplicate.
The accuracies of both the Nickolls and the gas chromatographic methods were tested by analysing samples of pure water and normal blood to which known quantities of alcohol had been added to achieve a range between 52 and 242 mg./100 ml. The purity of the absolute alcohol used in the preparation of standards was certified by the Laboratory of the Government Chemist using a refractive index method, as were the dilute solutions of standards. The solutions themselves were prepared by weight by means of an accurate analytical balance to achieve an alcohol content in distilled water which was between 30 and 32 mg./ml. In the preparation of the blood samples the alcohol solution was added by weight to a flask containing a known weight of blood equivalent to not less than 50 ml. The blood itself was magnetically stirred during and after the transfer for five minutes.
When the values for urine and the corresponding venous blood had been obtained it became obvious that additional information on urine: blood ratios would be an advantage. The co-operation of the forensic laboratories was sought and Dr Morgan, of the Department of Industrial and Forensic Sciences in Belfast, supplied values additional to those already published (Morgan, 1965) , which allowed a more extensive statistical analysis based on a computer programme specifically designed for the purpose. The programme was used to obtain mean urine and blood values together with their standard deviations, to calculate individual and mean urine:blood ratios, and to determine their distribution. In the case of our own observations a corrected urine:blood ratio was also derived which took into account the time difference between the collection of the venous blood specimens and the corresponding second urine specimens.
Because of the suggestion that capillary blood could provide a satisfactory answer to the problem of blood for the second urine samples was 258±71 mg./100 ml., and the mean venous blood value was 183 ± 55 mg./100 ml. (Payne, Hill, and King, 1966 
Capillary Blood Analysis
In most instances the alcohol content of the capillary blood was substantially below that of the corresponding venous blood. In the case of the straight tubes 10 separate samples contained, on average, 61 % of the alcohol content found in the corresponding venous blood. When the U tubes were used 10 tubes contained an average of 79% of the alcohol content of the corresponding venous blood. Of 10 samples collected in S-shaped tubes six contained, on average, only 53 % of the alcohol content of the corresponding venous sample; the remaining four tubes had an alcohol content 7% higher than the venous blood. The capillary blood collected in the 11 plastic pots had a higher average alcohol concentration than that of the tubes but still contained only 90% of that found in the corresponding venous blood.
Of the limited number of capillary tubes and polypropylene pots distributed to other departments, only the samples stored in the pots gave good agreement on analyses. There were wide discrepancies in the results obtained from the capillary tubes.
Discussion
The conclusion by Curry et al. (1966) Froenties's views the special committee of the British Medical Association set up to consider the problem of the drinking driver came to the conclusion that once the peak concentration in the urine had been passed a urine to blood ratio of 1.32: 1 could be adopted. Using this ratio, Payne et al. (1966) demonstrated good agreement between urine and blood analyses when studying the uptake, distribution, and elimination of alcohol in a group of healthy volunteers. But these results were obtained under well-controlled conditions in the laboratory, and the present work, confirming that of Stevens, Mason, and Bowden (1966) , shows that it would be invalid to use this factor in the less rigidly controlled environment of a busy police station.
That this is so is apparent from the data presented. Of the 518 paired urine and blood samples analysed in Belfast an overall urine: blood ratio of 1.38: 1 was obtained, but only 35% fell into the range from 1.30 to 1.39: 1, and the remainder extended from 0.92 to 2.32: 1.
Further evidence of the variation in urine:blood ratios was obtained from the analyses of the blood and urine samples presented in Table I . Of the 35 second urine samples obtained from detained motorists, 25 had an alcohol concentration equal to or lower than the first, and were therefore to be regarded as having been collected after the peak concentration in urine had been passed. The significance of this has been discussed by Payne et al. (1966) . These values gave a mean ratio of 1.44:1, somewhat higher than the 1.32 recommended by the special committee of the B.M.A. In only one of these 25
suspects was a precise urine: blood ratio of 1.32: 1 obtained, and the range was from 1.10 to 2.44, substantially greater than that of 1.2:1 to 1.4:1 quoted in the B.M.A. report. The overall mean ratio for the second urine samples was 1.41. Furthermore, as has been shown previously (Payne et al., 1966) , it is apparent from the data in Table I that the urine:blood ratio is not even constant for one individual but varies with time.
The argument is of considerable practical importance ; for example, if the urine analysis of Subject No. 10 in Table I had given a value of between 110 and 150 mg./100 ml. the use of the conversion factor of 1.32 would yield a blood alcohol concentration of between 82 and 112 mg./100 ml., a level which almost certainly would lead to his conviction under the new Act. But in this particular individual the urine: blood ratio was measured and found to be 1.84:1, which under the circumstances described yields an actual blood concentration between 60 and 80 mg./100 ml., a level below the maximum envisaged as compatible with safe driving in the White Paper on Road Safety Legislation -(Ministry of Transport, 1965) . In the case of Subject No. 25, whose urine: blood ratio was 2.44:1, the discrepancies would have been greater. Thus the suggestion by the Special Committee of the B.M.A. that any injustice to individuals was extremely unlikely when a urine to blood ratio of 1.33:1 has been used will certainly cease to be true if present proposals become law. (The B.M.A. report used the factors 1.32 and 1.33 at various times.) Indeed there is every likelihood that the uncritical acceptance of a urine to blood ratio of 1.33: 1 will lead to miscarriages of justice when it becomes an offence to drive or to be in charge of a motor vehicle with more than a stipulated amount of alcohol in the blood.
As might have been expected from the variation in the rate of removal of alcohol from blood the attempt at back calculation not only failed to bring the urine to blood ratio closer to 1.33: 1, it also confirmed the difficulty of interpolating accurately a blood alcohol level to an earlier point in time.
The failure to obtain definitive results from urine analysis focused attention once again on blood. The lack of enthusiasm among doctors for venepuncture combined with the convenience and accuracy of gas chromatography suggested that capillary blood analysis might prove an acceptable compromise. Unfortunately, most capillary blood samples were found on analysis to contain substantially lower alcohol concentrations than the corresponding venous samples. Two possibilities existed: either the alcohol concentration in capillary blood was in fact lower than in the corresponding venous blood, or some of the alcohol content was lost after the blood was shed. Since Harger (1963) and his colleagues have shown that the alcohol content of capillary blood is not lower than that of venous blood, it must be accepted that loss has occurred.
The most likely time for such loss is during collection, especially if the flow of blood is too slow to allow rapid filling of the capillary tube; ethyl alcohol is sufficiently volatile to be lost fairly rapidly from exposed blood at body temperature. Another possible source of loss is from the capillary tube, either by a leak past the plastic seal or by adsorption by the seal itself; plastic materials have recently been shown to interfere with several blood constituents (Whitehead, 1967, personal communication) . The capillary tubes themselves were glass, so that loss through the walls was unlikely. When polypropylene pots were used to collect capillary blood the alcohol content of the samples was closer to the venous level than was that in the capillary tubes, but some loss was apparent and it is possible that adsorption on the walls or even diffusion through them had taken place. However, the fact that good agreement was obtained when separate aliquots of the same samples were analysed by different laboratories suggests that the loss probably occurs during sampling rather than during storage in the pot.
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During the investigation of this loss it was observed that the blood in some S-shaped and U-shaped capillary tubes had a substantially higher alcohol content than the corresponding venous blood. These high contents were associated with separation of plasma from red cells within the tube, with problems of mixing and with subsequent difficulties in obtaining good agreement on duplicate analyses ; therefore the possibility that alcohol was distributed unevenly between plasma and red blood cells was considered. Definitive information on this aspect is limited ; however, Gruner (1957) Probably the discrepancies are due to sample-handling difficulties, which may be overcome with more experience.
The analysis of five samples of human blood showed that when alcohol is present the plasma contains over 40% more than whole blood (plasma to R.B.C. ratio, 1.43 :1; plasma to whole blood ratio, 1.15:1). Thus the alcohol content of a given blood sample will be critically dependent on the separation or otherwise of plasma from red blood cells during handling.
We are indebted to the directors of the Metropolitan Police Laboratory; the Home Office Central Research Establishment; the North-Western (Preston), the Northern (Newcastle), and the East Midland (Nottingham) Forensic Science Laboratories; and the Department of Industrial and Forensic Science (Belfast) for their cooperation. We are also grateful to Professor F. E. Camps and Dr. E. G. Davies for advice and criticism.
Addendum
Since this paper was written the Road Safety Act 1967 has been published. In section 7 subsection (4) it is stated that " For the purposes of this Part of this Act 107 milligrammes of alcohol in 100 millilitres of urine shall be treated as equivalent to 80 milligrammes of alcohol in 100 millilitres of blood."
What in effect this means is that it becomes an offence to drive or to be in charge of a motor vehicle when the alcohol content of the urine is 108 mg./100 ml. or more. But of the 35 suspects studied in our series no fewer than 19 would have had less than 80 mg. of alcohol per 100 ml. in blood when the equivalent urine sample contained 108 mg./100 ml.; indeed subject No. 25, whose urine to blood ratio was 2.44: 1, would have a blood level of only 44.3 mg. of alcohol per 100 ml. at this urine level.
Thus the warning given in our paper that the uncritical acceptance of a urine to blood ratio of 1.33: 1 will lead to miscarriages of justice when it becomes an offence to drive or to be in charge of a motor vehicle with more than a stipulated amount of alcohol in the blood is entirely justified. In the interests of justice therefore suspected drivers would be well advised to insist on a blood specimen being taken if asked to provide a sample of urine for examination.
